Flege's Speech Learning Model posits that adult second language learners retain the abilities of child learners for the perception and formation of novel phonetic categories. For novel categories to be formed, the learner must discern at least some of the phonetic differences between the novel L2 and the closest L1 sound. However the model does not fully specify the mechanisms by which learners may come to discern relevant phonetic differences. This paper presents two studies investigating learners' abilities to attend to novel perceptual dimensions and the effect of attention on discerning phonetic differences. In one study, English, Mandarin, Japanese, and advanced late-learners of Mandarin gave similarity judgments of synthesized tones. Mandarin listeners judged on the basis of both average F 0 and F 0 slope. English and Japanese listeners did not use slope, whereas advanced Mandarin learners did. This suggests that late-learners can learn to attend to novel perceptual dimensions. In the other study, English monolinguals were grouped into those instructed to attend to Hindi phonetic contrasts and those instructed to attend to sound-meaning correspondences of the same stimuli. For the novel [t -] contrast, the sound-attending group showed better discrimination post-training. This suggests that with explicit directing of attention, adult learners can better discern novel phonetic contrasts.
INTRODUCTION
A growing number of studies have investigated the mechanisms involved in secondlanguage (L2) phonetic learning. It has been proposed that the learning of a first language (L1) affects the weightings within perceptual cues such that perceptual sensitivity along an acoustic dimension is reduced near distributional peaks in the native language (e.g., Iverson et al., 2003; Kuhl, 1991) . More specifically, Iverson and Kuhl (1995; propose that linguistic experience warps perceptual space in that, with acoustically equidistant exemplars, those categorized as good exemplars of phonetic category cluster closely together in perceptual space, while marginal exemplars are more distant perceptually.
Beyond the weightings within a single dimension, weightings between dimensions may vary in salience relative to other dimensions. It seems that first language experience affects the weighting of individual acoustic dimensions such that perceptual sensitivity is greater for some perceptual dimensions than others (e.g., Francis & Nusbaum, 2002) . For example in the case of lexical tone, tone language speakers weight direction and slope of F 0 more heavily than English speakers for similarity judgments. Conversely, English speakers do not seem to rely on these dimensions, favoring instead average F 0 and extreme endpoints Previous work on tone perception (Gandour, 1983; Gandour & Harshman, 1978) , shows that native English speakers generally do not attend to the acoustic cue of F 0 slope, whereas speakers of tone languages typically do. Here the acoustic dimensions used in tone processing by monolingual English speakers is compared to that of advanced learners of a tone language (Mandarin) in order to determine whether these learners have changed their weightings from an English system (not slope-attending) to a Mandarin system (slopeattending). For comparison purposes, native Mandarin speakers also participated and to assess the effect of linguistic exposure to yet another prosodic system, native speakers of a pitch accent language, Japanese, also participated.
Method
Participants. Twenty people participated in the experiment. Five were native Mandarin speakers who had grown up in mainland China or Taiwan and had come to the US as adults to attend college or graduate school. Five were native English speakers with no more than three years of foreign language study and no study of a tone language. Five were native Japanese speakers who had grown up in Japan and had come to the US as adults to attend college or graduate school. Five were native English speakers who had begun learning Mandarin as adults. They were advanced learners who had studied Mandarin for at least 4 years and had spent at least 6 months in a Mandarin-speaking country. These participants had experience teaching Mandarin and were in a graduate program focusing on Chinese language and literatures.
Materials.
A production of a [wa] syllable produced by a male native English speaker (110 ms long) was recorded and then resynthesized using Synthworks from Scicon. The F 0 of the syllable was then manipulated to make nine stimuli of varying F 0 contours. Level tones were Participants were presented with the two tones aurally with a 500 ms inter-stimulus interval and 1500 ms inter-trial interval. Repetition of trials was allowed. Participants were instructed to listen to the tones and rate the similarity of the tones on a 9-point scale. 1 was labeled "no difference", 5 was labeled "medium difference" and 9 was labeled "extreme difference". Participants were instructed to use all the buttons. Stimuli were presented on a personal computer with high quality headphones in a sound attenuated room. The sound was adjusted to a comfortable level during the practice session.
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Results
All participants showed understanding of the task as assessed by their responses to the same-same trials. For each speaker, all average responses (across the 4 presentations of 11 vs. 11, 33 vs. 33, and 55 vs. 55) were below 2.
The responses for each of the three language groups were entered into a separate Multidimensional Scaling (MDS) model using the INDSCAL procedure to accommodate individual differences with the SPSS software. A separate square matrix of the mean response ratings (out of 4) for each participant was used. The similarity data were converted to distances and placed in a two-dimensional Euclidean space such that perceptually similar stimuli were placed closer together and perceptually dissimilar stimuli were placed further apart. The results of the MDS analyses presented in Figure 1 revealed influences of acoustic frequency differences on perceptual similarity judgments. The interpretation of each axis in terms its acoustic dimension varies by group.
The MDS analysis for the Mandarin speakers modeled 72% of the variance in the data, with a Kruskal's stress of .19, indicating a good model fit. As presented in Figure 1A , the first dimension returned for the Mandarin speakers corresponds to the amount and direction of F 0 change among the stimuli, such that the low end of the scale has rising F 0 , the middle of the scale, level F 0 , and the high end of the scale has falling F 0 . This correspondence can be interpreted to reflect the perceptual dimensions of slope of the tone (i.e., rising, flat or falling). The second dimension returned for the Mandarin speakers corresponds to range of average F 0 among the stimuli, such that the lowest end of the scale has the lowest average F 0 and the highest end of the scale has the highest F 0 (see Table 1 ).
This correspondence can be interpreted to reflect the perceptual dimensions of average pitch.
The first dimension (slope) accounted for 36% of the variance and the second dimension (average F 0 ) also accounted for 36% of the variance. The MDS analysis for the English speakers modeled 86% of the variance in the data, with a Kruskal's stress of .18, indicating a good model fit. The first dimension returned for the English speakers can be interpreted to reflect the perceptual dimensions of average pitch.
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Here the lowest end of the scale corresponds to the highest average F 0 and the highest end to the lowest average F 0 . The second dimension is less clear, but seems to reflect a sensitivity to the extreme endpoints of the average value of the F 0 range. The highest and lowest stimuli (i.e., 55 and 11) are set apart from the other tonal types (see Figure 1B ). The first dimension (average F 0 ) accounted for 61% of the variance and the second dimension (extremeness)
accounted for 25% of the variance.
The MDS analysis for the Japanese speakers modeled 91% of the variance in the data, with a Kruskal's stress of .17, indicating a good model fit. The first dimension returned for the Japanese speakers can also be interpreted to reflect the perceptual dimensions of average pitch. The second dimension is less clear, but seems to reflect a sensitivity to high tones.
The highest stimulus (i.e., 55) is set apart from the other tonal types (see Figure 1C ). The first dimension (average F 0 ) accounted for 51% of the variance and the second dimension (high vs. other) accounted for 40% of the variance.
The MDS analysis for the late Mandarin learners modeled 86% of the variance in the data, with a Kruskal's stress of .14, indicating a good model fit. The dimensions returned can be interpreted to reflect the perceptual dimensions of slope of the tone (i.e., falling, flat or rising) and average pitch (see Figure 1D ). The first dimension (slope) accounted for 52% of the variance and the second dimension (average F 0 ) also accounted for 34% of the variance.
Discussion
The results indicate that native Mandarin speakers rely on both the average F 0 and slope of the F 0 in perception of tones. The monolingual English speakers rely most heavily on average F 0 of the tones, and secondarily on extremity (i.e., highest or lowest level tones) in tonal perception, but did not seem to use slope of the F 0 in their similarity ratings. The Japanese speakers also relied on average F 0 and did not rely on slope. However, unlike both English and Mandarin speakers, they gave special consideration to high level tones, judging them different from all other tones.
These results confirm the finding of Gandour (1983) and Gandour and Harshman, (1978) that native speakers of a tone language more heavily weight the perceptual dimension of F 0 slope than do speakers of non-tone languages. The special status of high level tones found in the Japanese speakers may be related to the fact that Japanese is a pitch accent language in which higher F 0 is the primary mark of an accented syllable. The high salience of the extreme endpoints of the frequency range for the English speakers may be the result of experience with the pitch-marked (high and low) intonation patterns of English.
Considering the results from the advanced Mandarin learners, we see that linguistic experience can change the weighting of acoustic cues. Specifically, these native English adult learners of Mandarin have learned to use F 0 slope information, whereas listeners who have not learned a tone language do not use this information. This demonstrates that acoustic cues, at least those involving F 0 , can be reweighted, or brought in to active use, as a result of second language learning.
The mechanisms of acoustic cue reweighting were not explored in the current study.
However, Francis and colleagues (Francis, Baldwin, & Nusbaum, 2000; Francis & Nusbaum, 2002) have explored the mechanisms of reweighting of acoustic dimensions in phonetic learning by explicitly calling for an attentional component in models of phonetic learning.
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Participants in their research were given category level feedback in identification training tasks. This feedback allowed participants to infer the relevance of specific acoustic cues.
Results demonstrated that these acoustic cues were weighted more heavily in post-training tests. These results can be reasonably interpreted as evidence that listeners learn to selectively attend to particular cues through differential attention during training. However, as there was no direct manipulation of attention during the training in those experiments, the role of attention in phonetic learning can only be inferred. In the next experiment, we manipulate attention during training, searching for more direct evidence of the role of attention in the learning of phonetic categories.
STUDY 2: The manipulation of attention in the learning of phonetic categories Following Posner & Peterson (1990) , attention is divided into three systems:
alertness, orienting, and detection. Alertness is conceived as the executive control modulating resources toward orienting. Orienting is the commitment of attentional resources to classspecific sensory stimuli. Orienting toward a class increases the chance of detection within that class. When a target is detected, the participant is aware of the signal and is processing it.
Within the study of second language acquisition, Tomlin & Villa (1994) argue that these three attentional mechanisms need to be distinguished. Specifically, they propose that the process of detection is necessary and sufficient for further processing and learning in second language acquisition. Similarly, Schmidt (1990; 2001) argues that "noticing" (equal to detection within selective attention) is necessary for learning a second language.
The second study explicitly manipulates attention to determine whether there are effects of this manipulation on learning. The studies cited above by Francis and colleagues demonstrate that listeners can learn the importance of particular acoustic cues without explicit
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instruction to attend to the relevant cues. Rather than draw conscious attention to particular cues, this experiment directs the orienting of one group of participants to the phonetic form of the stimuli generally and the orienting of another group of participants to the meaning of the same stimuli. The focus of the experiment is to investigate whether greater attention to phonetic form leads to greater phonetic learning.
Participants' orienting of attention can be controlled endogenously or exogenously (Posner, 1980) . Exogenous orienting is the attraction of attention by external stimuli (e.g. a flash of light). Endogenous orienting is the result of the individuals' directing their attention according to their goals or expectations. Endogenous orienting can be readily manipulated through directions to experimental participants. The current study manipulates endogenous orienting via varying instructions that encourage participants to orient more strongly to one or the other feature of identical stimuli. Because of the extended nature of aural training, endogenously-controlled orienting appears to be the best means to manipulate and maintain attentional resources to an aspect of the stimuli. Previous studies (e.g., Polka, 1992; have used different orienting instructions in tasks testing the discrimination of non-native contrasts and have found that the different orientings resulted in little or no differences in performance. Apparently, however, previous research has not tested the effect of different orienting instructions during a training period.
This study manipulates attention during training of unfamiliar phonetic categories from Hindi. English monolinguals were randomly divided into two groups, meaningattending and sound-attending. The assumption is that instructions to attend to one or the other class of stimuli would produce greater orienting of attention toward that class of stimuli during training. It is hypothesized that greater attention to a class of stimuli during training will improve learning for that class of stimuli and this will be reflected in greater discrimination ability in post-training tests.
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Method
Participants. Seventy-six monolingual English speakers participated for course credit. None had lived in a non-English speaking region for more than six months, nor formally studied another language for more than three years, nor had any appreciable exposure to any South Asian language. Age ranged from 19-29 years. All reported normal hearing. Participants were randomly assigned to one of two groups: "sound-attending" and "meaning-attending". Each group had 13 males, and the sound-attending group had 24 females while the meaningattending group had 26 females. Participants were unaware that two different groups were formed. Polka, 1991; .
Materials
In addition, ten words "singletons" were included which were not part of a minimal pair contrast. The initial stop consonants in these words are different from those found in the minimal pairs. Table 2 lists the words used.
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13 Table 2 . approx here Four native Hindi speakers (two female) were recorded saying the words in Table 2 .
The words were presented to the speakers in Devanagri script and conventional Roman transliteration. The speakers were recorded onto DAT tape repeating each word three times.
Words from three of speakers (two female) were edited for use in the training portion of the study. The three tokens of each word were digitized with a 22.05 kHz (16bit) sampling rate and edited into three separate files. The beginning of the files coincided with the onset of acoustic energy in the word and ended with the offset of acoustic energy. The digitized files were then normalized to 50% peak intensity.
Words from the fourth (male) speaker were used for the pre-and posttest. Two types of stimuli were created. The first type was used in the semantics test and consisted of words edited into files, using the same procedure described for the first three speakers. However, only the second production was used for the semantics test.
The second stimulus type was used in the discrimination test and consisted only of consonant-vowel (CV) sequences edited from the recorded words. Isolated CV productions would have required production of both real CV words and nonsense syllables, which might have been produced differently. Accordingly, the CV sequences were derived from the recorded real words in order to obtain the most naturally and consistently produced stimuli possible. The CV sequences were created by modifying productions of the first, second, and third productions of the minimal pair words.
The sound files from these productions were digitally edited. First, vowel length was measured from the stop release (including aspiration and murmur) for each token. The shortest example of the vowel length in any of the six tokens for each minimal pair was the
base line for truncating the other words in that minimal pair. The truncated vowels were ramped from 100% to 0% intensity over the last 20ms. This procedure minimizes any acoustic effects on the vowel of the following consonant and, indeed, none were found upon careful examination. The stimuli were normalized to 50% peak intensity. For each consonant contrast to be tested, this yielded six CV sequences with the same vowel duration (three productions of each member of each minimal pair).
The acoustic characteristics of the stimuli were investigated for each of the minimal contrasts. Tables 3 through 6 2 No consistent differences in VOT or peak spectral frequency of the burst were found between the dental and retroflex. However, the overall spectrum of the burst and aspiration was more compact for the retroflex segments. These acoustic differences between dental and retroflex stops are similar to those summarized in Polka (1991) . Tables 3-6 Procedure. The experimental procedure had two sessions. The first session consisted of two pretests. The second session consisted of a training procedure followed by posttests. A personal computer with high-quality headphones was used for stimuli presentation.
Participants adjusted the presentation volume to a comfortable level before testing began. The two pretests consisted of a discrimination test, in which digitized audio was presented, and a semantics test, in which digitized audio and English written words were presented. The participants received no feedback on either test.
At the end of the pretesting, participants were scheduled to return and told either "In the next session, we will be learning to hear the differences between these Hindi sounds."
(sound-attending group) or "In the next session, we will keep working with these Hindi words and their meanings." (meaning-attending group).
The second session was at least six days later (to ensure forgetting of the details of the pretest) and began with a self-paced training session of approximately 30-40 minutes. While a longer training might have yielded relevant results, a shorter training session was chosen for two reasons. First, by having a shorter training session, participants would be better able to maintain their attention as directed throughout training. Second, since, to our knowledge,
there have been no demonstrations of direct manipulations of attention affecting phonetic category formation, the research goal was to determine whether such an effect could be found. It is a subsequent question whether longer periods of training would change the magnitude of the effect.
At the beginning of the training the two groups were given different instructions. The sound-attending participants were told:
Your task is to listen carefully to the beginning of each word and try to learn the difference between the Hindi sounds. You will notice that words with different meanings often have similar beginning sounds. However, the fact that they have different meanings, tells us that they are distinctive sounds in Hindi. During the course of this session, try to learn to distinguish between these sounds as best as you can. After this session, you will participate in another discrimination test like the one you did last week. And we will see if this training improves your discrimination of Hindi sounds.
In contrast, the meaning-attending group was told:
Your task is to try and learn the meaning of the Hindi words. Initially, it may seem intimidating, because there are a fair number of words. The orders of the words have been scrambled. But by the end of the session, you will have heard each word many times. After the session, you will participate in another vocabulary test, like the one you did last week. You will hear the Hindi word and then select the English translation. We want to see how well this training helps one to learn foreign language vocabulary.
The training period was followed by a five-minute break. After this break, there followed posttesting, identical to the pretesting, namely the same discrimination and semantics tests.
For both the pretesting and the posttesting, all participants first took the discrimination test and then the semantics test.
Discrimination pretest.
A discrimination test was given before the training. It preceded the semantics test discussed below. An AXB categorial discrimination procedure was used to test the five Hindi consonant contrasts listed in Table 2 . In this procedure, participants heard a series of three CV stimuli binaurally. Each stimulus was created from a different word production. For each trial, two of the stimuli were created from different productions of the Table 2 . Two blocks of 15 trials each, with different pseudo-random trial orders, were counterbalanced across the participants.
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In each trial, the participants were presented with one Hindi word token presented twice binaurally over headphones. The participants were instructed to choose one answer out of four simultaneously presented English translations displayed on the computer monitor.
Sometimes the word presented was part of a trained minimal pair and sometimes the word was a trained singleton. The participants were not alerted as to trial type. In each minimal pair presentation trial type, there were four possible response types: (1) a correct answer, (2) an incorrect answer that was the translation of the other member of the minimal pair, (3) an incorrect answer that was the translation of a trained singleton, and (4) 'language', which was trained as part of a minimal pair with [t at ] 'father' (see Table 2 ), a possible set of responses would be: (1) language, (2) father, (3) fruit, and (4) mud.
In each singleton presentation trial type, there were four possible response types: (1) a correct answer, (2) an incorrect answer that was the translation of one member of a minimal pair, (3) an incorrect answer that was the translation of the other member of the same minimal pair, and (4) an incorrect answer that was a translation of a Hindi word, which was not trained. For example, if the participant heard [pand] 'advise', which was trained as a singleton (see Table 2 ), a possible set of responses would be: (1) advise, (2) permanent, (3) cold, and (4) curved.
Each written translation, including trained and non-trained, appeared in three trials and all the trained translations were the correct response one time. The untrained translations were always incorrect responses. Each translation was presented in conjunction with any Table 2 in addition to one other word, a singleton, which was not part of a minimal pair, also listed in Table 2 .
Each minimal pair was presented four times in each block, 12 times over the course of training. Each singleton word was also presented four times, but never with the same minimal pair. The order within each triad was pseudo-randomized.
For each triad presentation, participants saw the three written English translations without sound. Then each of the Hindi words was presented separately after the participants clicked a "next" button. For the individual word presentations, participants heard a single audio presentation of the first Hindi word and simultaneously saw its written English translation. They clicked a "next" button and this repeated for the second word, then another "next" and then the last of the three words. Again participants clicked "next" and the following triad began.
Posttests. The discrimination and semantics posttests were identical to the pretests except that each participant was presented with the reverse order of the two blocks of trials. for the other four contrasts tested. This suggests that orienting of attention in phonetic Previous studies have inferred that attentional mechanisms were at least partly responsible for phonetic learning. Our second study confirmed that orienting of attention is relevant to the acquisition of novel phonetic categories. This finding suggests that the mechanisms of the attentional system (which are extensively studied outside of linguistics and phonetics) should be an explicit component of models of second language acquisition.
Results
Discrimination test. As shown in
With regard to the SLM, the critical step of discerning differences between first and second language categories is aided through the allocation of attentional resources to phonetic information.
Much work remains to be done in this area. The second study only manipulated orienting of attention through off-line instructions. It remains to be seen whether more direct (exogenous) manipulation of attention simultaneous with the speech input would facilitate learning to a greater degree. Further, orienting of attention could be more narrowly directed to particular aspects of the acoustic input rather than to the acoustic input generally. This 4 This range of discrimination accuracy was expected given previous studies on native speaker perception. For example, Miller and Nicely (1955) report on a forced choice identification task with native English speakers listening to English consonant productions.
In the +12 dB signal-to-noise ratio condition (200-6500 Hz frequency range), they found a range of accuracy that varied with the consonant from 76% correct to perfect identification.
This reflects the fact that, even for native speakers, certain consonant phonemes are less identifiable than others. Bars represent mean percent difference scores (post-test -pre-test) with standard error bars for sound-attending and meaning-attending groups.
